HPCD inactivation rate of PPO and PME increased with increasing p and T.
Introduction

24
Consumption of cloudy apple juice seems to be more beneficial than consuming clear apple juice 25 due to changes in phenolic compounds and loss of pectins during clarification process 26 (Markowski et al., 2015) . However, color and cloud stability are main challenges in preservation 27 of cloudy apple juice during its processing and storage. Enzymatic browning in cloudy apple 28 juice is due to the action of polyphenol oxidase (PPO) that catalyzes the oxidation of phenolic 29 compounds to quinones. On the other hand, the mechanism of cloud stability is not yet 30 understood. Among the different mechanisms proposed, electrostatic repulsion by negative 31 charges present in the partly demethylated pectin due to galacturonic residues could be 32 responsible of cloud stability avoiding aggregation (Zhao et al., 2008) . In this regard, the activity 33 of pectinmethylesterase (PME) causes pectin demethylation that could precipitate with calcium M A N U S C R I P T
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Determination of PME activity
117 PME activity was determined by using an automatic titrator system (Metrohm  Titrando) by 118 using a 1 % of pectin solution (Alfa Aesar  pectin citrus) prepared in NaCl 0.3 M as substrate.
119
50 mL of pectin solution was mixed with 1 mL of cloudy apple juice and pH was adjusted to 7.5 120 with NaOH 0.02 N. During pectin hydrolysis at 30 ºC, pH was maintained at 7.5 by adding 121 NaOH 0.02 N. The amount of NaOH added for 15 min was recorded. One PME activity unit 122 (UPE) is defined as the micromoles of carboxylic groups produced per minute and mL of juice at 123 pH 7.5 and 30 ºC (Briongos et al., 2016) .
124
Relative residual activities of PPO and PME were evaluated as: where d lc is the diameter of the particle and n c is the percentage of particles.
154
To describe distribution width one common parameter is the Span: colors when ∆E is higher than 2-3.5, although they pointed out that a trained eye is capable of 197 differentiating two colors that differ by ∆E < 2.
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198
Non enzymatic browning reactions are important parameters that determine the quality of food 
211
In this work, the inactivation kinetic data at different operating temperatures and pressures were 212 described by using two different models: (1) a first-order kinetic model, and (2) the Weibull 213 model.
214
The first-order kinetic model can be described as:
where A o is the initial activity of the enzyme, A is the residual activity at different treatment 
The dependence of the inactivation rate constant on temperature and pressure can be expressed 223 through the Arrhenius and Eyring equations respectively: 
[15]
At longer treatment times, residual activities for all the three stirring speeds became nearly equal 266 and were not included. ± 4 % and 33 ± 4 % when sampling was withdrawn while the system was under pressure or after 274 total depressurization, respectively.
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275
The effect of a single cycle has been compared with a triple cycle for a total treatment time of cloudy apple juice increased 30%, attributing this behavior to the release of latent PPO.
303
Enzyme inactivation kinetic data under mild heating conditions and at atmospheric pressure were 304 described by the first-order model. Parameters are collected in were evaluated as 36 ºC and 53 kJ/mol, respectively (see Table 1 ). Values of the same order cloudy Fuji apple juice was completely inactivated by a continuous HPCD system at 22 MPa and 332 60 ºC for 10 min (Xu et al., 2011) . This could suggest a higher efficiency of a continuous system 333 due to the turbulent energy, comparable with a good agitation in a discontinuous system.
334
However, 60 ºC cannot be considered as non-thermal and residual activity as high as 47% was obtained in the continuous system at 43 ºC and 25 MPa for 2 min. (Xu et al., 2011) .
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Inactivation kinetic data by HPCD were fitted to the first order kinetic model and the Weibull 337 model (Table 2) . Although the Weibull model yielded the best fitting quality, the first order 338 kinetic model described the inactivation curve quite well and therefore, kinetic parameters for 339 the linear regression model have been also listed in Table 2 
375
The Weibull parameters are also listed in Table 2 . Scale, α, and shape, β, parameters were used (Figures 3a and 3b) considering that β did not depend on temperature:
A z T ' value can be also defined:
The value of the z T ' is listed in Table 2 , together with the quality of the fitting. Although the 396 concept of z T and z' T is different since z T is obtained from the linear part, whereas z' T takes also 397 into account the nonlinear part (Van Boekel, 2002) , similar values were obtained for both 398 parameters (z T = 29 ºC and z' T = 27 ºC).
399
In this work, it was also found a linear dependence of the log α on pressure:
Although it was found a statistically significant linear relationship between β and p, the inverse 402 of the slope of log α versus p was also evaluated. Analogous to z' T it was defined a z' p 403
This value is reported in Table 2 and quite similar values can be observed for z p and z p '. 
Effect of HPCD on PME
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To compare the HPCD resistance of PME and PPO, PME inactivation kinetics were determined
407
for the experiments performed at 45 ºC and 10 MPa and 20 MPa (Figure 4 ). PME inactivation 408 rate was also determined at atmospheric pressure and 45 ºC. At atmospheric pressure, it was 409 found that residual PME activity was still 90% after 120 min at 45ºC (Figure 4) . Teleszko et al.
410
(2016) studied thermal treatment of different apple cultivars, founding that PME from cloudy
411
Golden deliciuous apple juice was one of the apple cultivars that presented strongest 412 thermostability (30% of residual activity after heating 5 min at 100 ºC). Niu et al. (2010) 
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Results obtained in this work, indicate that PME from cloudy apple juice was more resistant to
430
HPCD than PPO in the pressure range covered in this work. In the literature, as for thermal 431 treatment, the higher stability has been attributed to the more complex structure of PPO with 432 three or four subunits, in higher plants, than PME, with one subunit. This structure, makes it 433 more susceptible to HPCD treatment (Niu et al., 2010) . In addition, PME in fruit juices is more 434 difficult to be effectively inactivated, since PME is bound to the plant cell wall, which contains 435 natural stabilizing factors (Zhou et al., 2010) .
436
PME inactivation kinetic data were described by the first order model at atmospheric pressure
437
( case, after 2 h after depressurization pH returned to a value close to its initial value (pH = 3.87 ± 461 0.01).
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Colour parameters. Table 3 5) is also presented in Table 3 . Slightly noticeable differences in color after HPCD treatment 470 have been determined, ∆E ≈ 0.51 ± 0.05 (Yuk et al., 2014) . Other authors found that L*, a* and 
476
Antioxidant capacity. Antioxidant capacity of Golden cloudy apple juice has been determined 477 by the ABTS tests (Table 3) . Slightly higher values were obtained after HPCD treatment 478 although differences before and after treatment were found to be no significant (p ≤ 0.05).
479
Hydroxymethylfurfural. Figure 5 ).
485
After HPCD treatment, the particle range shifted to smaller particle sizes from 0.04 µm to 486 104.71 µm with one main maximum at 0.182 µm. Table 3 from the juice during decompression (Zhou et al., 2010) .
493
For freshly cloudy apple juice, the total volume of all particles with diameter less than 5 µm 494 represented 56.5% of the total particles volume, while this number increased up to 96% after M A N U S C R I P T
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HPCD treatment. This fact is also reflected in the Span values (Table 3) that shows a higher 496 degree of uniformity of the cloudy apple juice after HPCD treatment.
497
Turbidity. The turbidity of the cloudy apple juice after HPCD is considerably higher than that of 498 freshly cloudy apple juice (Table 3) . It seems that there was a correlation between juice's 499 turbidity and particle size distribution However, no correlation was found with PME residual 500 activity since, after HPCD treatment, PME activity was still more than 60%.
501
Pectin content. In this work, soluble pectin presented slightly higher values after HPCD (Table   502 4). HPCD treatment could result in a more dissolution of pectin in fruit cell into the juice,
503
increasing the value of soluble pectin. In addition, according to the PSD previously reported,
504
HPCD induced an homogenization with lower particle size diameters, which could result in a 505 higher solubility of the pectin; since, in the literature, it has been reported that pectin solubility in 0.05 were found before and after treatment, it indicates that colloid stability is kept after HPCD 524 treatment.
525
Conclusions
526
HPCD treatment is a valid alternative technology to process Golden delicious cloudy apple juice 527 being more effective than mild thermal treatment in the same temperature range.
528
PPO and PME inactivation rate increased whit operating pressure and temperature, although 529 PME was found to be more HPCD resistant compared to PPO. The non linear Weibull 530 performed a better fitting of the enzyme inactivation kinetics by HPCD than the classical first 531 order kinetic model.
532
However, further research is needed to have reliable data on HPCD as cold pasteurization 533 method, since different results are found in the literature for the same fruit variety. Important 534 variables in enzyme inactivation are usually not described in the research articles such as the way 535 the CO 2 is fed into the sample, agitation speed or the ratio juice/volume of the cell that in fact 536 determined the ratio juice/CO 2 . In this work, it was observed that the stirring speed was an 537 important factor to take into account for enzyme inactivation, due to an improvement in CO 2 538 diffusivity 539 HPCD induced a homogenization effect on cloudy apple juice since particle size distribution was 540 shifted to smaller particle size. Colloidal stability is not affect by HPCD treatment as well as the 
565
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Effects of supercritical CO2 and N2O pasteurisation on the quality of fresh apple juice. (Table 2) . (Table 1) , while in HPCD treatment represent the Weibull model (Table 2) . Volume (%)
Particle size (µm)
